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ABSTRACT: Leptin produced by adipocytes acts
through leptin receptors in the hypothalamus to con-
trol appetite and food intake and thus communicates
information about degree of fatness. It is thought that
a degree of body fat is required for initiation of pu-
berty and maintenance of reproductive function in
mammals. The objective of this study was to deter-
mine whether polymorphiisnis in the leptin (LEP), lep-
tin receptor (LEPR), paired box 5 (PAX5), aldo-keto
reduetase (A KR), and pro-opiomelaiiocorti (POMC)
genes were associated with age, leptin concentration,
backfat as arm indicator of body condition, or BW at
puberty in 3 lines of guts and to characterize genetic
relationships among these traits. The first 2 lines, born
in 2001,  were formed by crossing maternal White Cross
(Yorkshire x Maternal Landrace) gilts to Duroc (ii =
210) or (lean) Landrace (ii = 207) boars. The remain-
ing line (n = 507), born in 2002, was formed by crossing
progeny of the Duroc- and Lanclrace-sired lines. At, first
estrus, age, BW (BWP), and hackfat (BFP) at puberty
were recorded and blood was collected for leptin as-
says. Nine SNP were detected in candidate genes/re-
gions: 1 in LEP. 3 in LEPR, 1 in PAX5. 2 in AKR. and
2 in POMC Animals were genotypccl for each of the

SNP: genotypes were validated using CieiioProh. The
association model included fixed effects of farrowing
group, covariates of SNP genotypic probabilities (from
GenoProb) . and random additive polygenic effects to
account for genetic similarities between animals not -
explained by SNP. Variance components for polvgenic'
effects and error were estimated using NITI)FRE\IL.
Leptin concentrations were logarithmically transformed
for data analysis. All 4 traits were moderatel y to highly
heritable (0.38 to 0.18) Age and lepti ii at pubert y had
a significant (P < 0.01) genetic correlation at —0.63 ±
0.097, and the genetic correlation between BWP and
age at puberty was 0.65 + 0.083 (P < 0.01). Significant
additive associations (a: P < 0.05) were detected at
PAX5 for age at puberty (a = 3.2 d) and for BFP (a
= 0.61 mm). One SNP in LEPH was associated with
leptin concentration (a = 0.31 leg units: P < 0.05). The
associations from P.4X5 correspond to a QTL peak for
age at puberty detected on SSC1 . Although not neces-
sarilv the causative mutation. this result implies that a
QTL that can decrease age at puberty without increas -
ing BFP and MVP at puberty mmmv exist in this region
in commercial pigs.
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INTRODUCTION

Gilts that achieve early puberty tend to be more fer-
tile throughout their breeding lifetime (Nelson et al.,
1990), have a shorter weaning to estrus interval (Stern-
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ing et al. 1998), and have increased retention in time
breeding herd as parit y increases (Foxcroft and Aherne.
2001). Age at puberty can be changed through selection
(Lamberson et al.. 1991), but collecting phenotypes can
be labor-intensive.

During pubertal development in gilts. serum mm leptin
concentrations increase (Quart et al.. 1999), followed by
increases in L11 secretion and serum estrogen at pit-

herty (Barb et al., 2000). The effect of' leptin on 1,11
secretion is associated with sexual nmaturation and niav
act as a permissive metabolic signal for initiation of pu-
berty in the pig (Barb ci al., 2005). Increases in leptin
concentrations are coordinated with the onset of puber-
ty (Maqsood et al., 2007) and fat ulass associated with
puberty in females (Ahummech et al.. 1999). whereas leptin
receptor nnutant mice fail to reach puberty (Bates et
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Table 1. Population structure and means and SD of puberty measures

Line

Dnroc >< BT 
Laiidrace >< BT
4-waY (FUSS

Age at Ilihirly. d	 Leptni.' log it" "till,

Sires, ii	 Dams, it 	 IN 	 SD	 Mean	 SD

12	 92	 210	 206.7	 26.5	 0.608	 1.078
12	 82	 207	 208.1	 23.9	 0.005	 1.129
24	 202	 507	 203.7	 24.1	 0.170	 1.230

flackfat, n-un

Mean	 SD

19.71	 4.55
19.56	 -1.1.1
17.97	 3.45

BW. kg

Meall	 SD

139.5	 21.2
129.4	 17.3
125.8	 17.0

Base scale leptin mean values are 1.84. 1.83, and 1.60 ng/mL for Duroc-sired F',, l.auidrm'e-sired F,. and -1-way cross guts, respectivclv.Ap-
proximate 95% confidence intervals of the data for hack-transformed lepti, '(ulean ± 2 x SD)] are (1)213 to 15.863. 0.191 to 17.514. and ((.137
to 18.728 ng/inL for each respective line.
2 B = Yorkshire x maternal Lancirace composite.

al., 2003). Polymorphisms in the Ieptm gene and Ieptm
receptor have been associated with fatness traits, feed
efficiency, and reproduction in pigs (Jiang and Gibson.
1999; Kenries et al., 2001: Chen et al., 2004: Mackowski
et al., 2005). Genomic regions associated with age at
puberty in the pig (Rohrer et al. 1999: Cassady et al.
2001) and leptin concentrations lit and humans
(Hixsori et al.. 1999; Harper et al., 2003: Chen Ct al.,
2005) have been identified. Genetic relationships of fat
and leptin with age at puberty may provide an alterna-
tive means of selecting for decreased age at puberty.

Our initial observations (Wise and Klindt, 2004) in-
dicated that leptin concentrations were associated with
the age at puberty in gills. Using industry-type guts,
the present study examines the genetic correlations
among age, BW, body condition as hackfat, and leptin
concentrations in guts at first estrus and the associa-
tion of markers in candidate genes and QTL regions
with these traits.

MATERIALS AND METHODS

All animal procedures were reviewed and approved
by the US Meat Animal Research Center Animal Care
and Use Committee, and procedures for handling gilts
complied with those specified in the Guide for the Care
and Use of Agricultural Animals in Agricultural Re-
search and Teaching (FASS. 1999).

Animals and Data Collection

Aniirials horn from Yorkshire x maternal Lancirace
composite (BT) were mated to high-lean paternal-line
Duroc (n = 12) and Landrace (n = 12) boars obtained
from commercial Al studs. The Duroc- and Landrace-
sired lines were mated to one another (Duroc x BT and
Landrace x BT, respectivel y) to produce an additional
generation of 1-way crossed gilts. Note that the mater-
nal- and paternal-Landrace lines were actually 2 differ-
ent breeds. Daily detection of estrus consisted of 5 to
6 mature boars (>11 mo of age) placed in all
pen between 2 pens of gills, during which time herds-
men applied hack pressure to gilts within each pen.
Estrous detection was initiated at 130 d of age. in ad-
dition to age at puberty. hackfat (BFP) was measured
ultrasonicall y at the first rib, last rib, and last lum-

bai' vertebrae (5 to 8 cm off the midline: Lean-Meater,
Renco Corp., Minneapolis, MN), and BW (BWP) was
recorded at first, estrus (Table 1). Blood samples were
collected from all females at first estrus by jugular veni-
puncture in 9-iuL Sarstedt (Newton. NC) serum tubes
with approximately 150 HJ of hepariii added. Plasma
Was obtained via centrifugation at 1,520 x g. 4°C for
30 nun, and frozen at -20°C for later analysis of leptin
concentrations.

Gills were fed a coin-soybean meal grower ration of
16% protein up to 16 wk of age and 15% protein after
16 wk of age (Klindt et al.. 2006). Gilts had ad libitum
access to feed and water. Diets were formulated to meet
or exceed National Research Council recommendations,
(NRC. 1988).

Leptin Assay

Leptini concentrations were measured in duplicate in
50 1.rL of plasma by RIA (DS Labs. Webster. TX) and
validated for swine blood (Woodworth et al., 2004).
The limit of assay sensitivity was 300 pg/niL. The in-
tra-and interassay CV were 2.6 and 9.1%. respectively.
Averages of leptin concentrations at puberty on a loga-
rithmic scale are reported in Table 1.

SNP Marker Development and Genotyping

PCR and Sequencing. Primer pairs for amnpli-
fication of pig leptin (LEP), leptin receptor (LEPR).
pro-opiomelanocortin (POIW'G), aldo-keto recluictases
(AKR1 C2 and AKR1 G4), and paired box 5 (PAX5)
from genornic DNA were designed from porcine se-
quences deposited in GenBank (U66254. AY845425, TI
861189563 and TI 784738214. DQ474066, DQ494489,
and BV680490, respectively: Supplemental Table;
http://jas.fass.org/contcnt/vol87/issue2),  These genes
lie within QTL for age at puberty in the pig (SSC1,
PAX5; SSC10, AKRIC2, and AKJ?1(,4; Rohrer et al.,
1999) or are genes associated with heptin concentration
in human (LEP. LEPR, and P0MG). The DNA from
12 breeding boars representing the Duroc and Landrace
sire lines was extracted froni semen for sequencing and
identification of SNP. The PCR was performed in a
PTC-200 DNA engine (MJ Research Inc., Watertown,
MA) using 0.5 U of HotStarTaq polymnerase (Qiagen,
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Valencia, CA). Ix of supplied buffer with 1.5 mM
MgC17. 200 I tM dNTP, 0.8 It Al each primer, and 100 u p -?I
of genomic DNA in 25-tL reactions. Five microliters of
the PCR were elect rophoresed iii I .5 1X agarose gels to
determine, qualit y of amplification and the remainder
was treated with 0.1 U of exonucicasc I (USB Corp..
Cleveland. OH) for 30 ruin, precipitated with isopropa-
no!, and resuspended in water for sequencing oil an A131
Prism 3700 DNA anal yzer (Applied Biosvstenis. Fos-
terCity, CA: Smith et il. . 2000). The PCH products
were sequenced (Iirectiv using the original amplification

mpriers. Resulting sequencin g chroinatogranis were im-
ported into the USMARC database, seciueuces asseixi-
bled, and anal yzed for polyiiiorpiusiiis using methods
described by Nonnenian and Rohrer (2003).

SNP Genotyping. The SNP were genotvped us-
ing a printer extension assay on the Sequenom Mas-
sArray system (San Diego. CA). Ten-niicroliter PCR
reactions contained 10 ng of genolinc DNA, 0.25 U lint-
Sta.rTaq, 1 x of supplied buffer wit Ii 1.5 mnitl Mg( b.
200 I JJ cINTP. and 0.4 It Ill forward and reverse-tailed
primers. The primer extension reaction used 0.6 p Al
of probe primer and was performed according to the
manufacturer's recommendations for homogenous mass
extension t'hien ustr (Sequenon i).

Statistical Analysis

All traits were analyzed for distributional properties
before variance component and SNP association anal v-
ses. Leptin was found to have a highly skewed clistrihut-
tion in this preliminary analysis and was transformed
to log units thereafter.

Initially, mull it mit variance components were esti-
mated for each puberty trait using the model

Y - Xb + Za + e

with

^ a ^	 A'<G	 0 ^.

var 
=	 0	 I:R

where y was a vector of plieiiot.ypes for each puberty
measure (e.g., age at puberty) b was a vector of fixed
farrowing groups and breed of origin percentages for
each trait: a was a vector of random poly	 icgen breed-
big values for each trait: and e was a vector of random
residuals. Incidence matrices X and Z relate pheno-
types to coinbi iations of either fixed or randoni effects.
respectivel y. In the variance structure of a and e . A
is the numerator relationship matrix. G is the additive
(co)variance matrix. us an identit y matrix, and R is
the residual (co)variance matrix. All analyses were per-
formed using 1\ITDFREML (Boldinau et. al.. 1995):
\ lTD FREI\ IL was allowed to iterate until a convergence
criterion of 10	 was obtained. Variance components

from this analysis were fixed at these levels for all sub-
sequent SNP association tests.

A multilocus version of GenoProb (Tlialhuan. 2002)
was used to check for genotvping errors and to calculate
SNP geiiotvpic probabilities for animals that were mi-
successfull y genot ped. The average success rate of the
imiarker assays was 91'X: and ranged from 87 to 95%.
Additionally. allelic frequencies of founder groups (Du-
roe, Landrace. and BT) were predicted for each SNP.
Probabilit h's for each genotype were used as wdepen-
dent variables (regressors) in regressions of puberty
measures oil 	 additive and dominance effects. For
animal j. regressors (row vector x / ) were calculated as

/	 i	 I)	 I	 2	 1U(E
= .1 =)	 J/)	 0	 1	 0	 lI?

./	 p

where p	 (p 11 ) is the probabilit y that j is hioriiozv-

gouis for allele a (A). and	 is the probability that j
is heterozygous. Resulting regm'essom's .r and	 were

Fitted iii the nitiltit rait model for fixed regressions of
SNP additive ;in(] (10111 ci iai ice effects, respectively. Each
SNP was mit iallv fitted individuall y for each trait.

Effects of SNP were tested for significance using an
F-test with 2 numerator (If'. Individual regressions were
also tested using a 2-tailed t-test. No adjustments were
mnade for multiple comparisons or multiple tests. After
SNP with significantsignificamit effects were identified individu-
ally. they were fitted simultaneously. To determine a
final model, the SNP that was the least siguiificarit was
removed one at a time in a step-down manner. until all
remaining SNP were significant at a level of P = 0.10
or less.

RESULTS

A description of I he gilts evalimat ed iii each birth year
x breed type is summarized iui Table I .Age at puberty
was earlier (P = 0.04). and BFP (P < 0.01) and BWP
(I' < 0.01) were both less oil in the 1-way cross
guts. These differences niav be due to genetic differenc-
('S in the crosses or, more likely. simple environmental
difference ,, across years. Gilt B\VP was approximately
10 kg heavier for Duroc-sired F 1 gilts (P < 0.01) than
Landrace-sired F 1 gilts. Because age at puberty was
not significantly different between the 2. the increase
in MV can he attributed to the Duroc line rather than
differences ill age.

Both MVP and leptin exhibited moderate pheno-
t ypic correlations NI'ith age at pumhcrtv (i' = 0.59 and
r = —0.52, respectively : P < 0.001). The relationship
between REP and age at puha'rt v was less pronounced
and differed between the lines t he overall phenotypic
correlation was 0.20, but on a wit hmimi-limie basis. the
phenotypic correlations were 0.39. 0.38. and —0.18 for
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C = 0.39

cggtcacetc\\trcctgt met
ttcccttcct'm'vcaggttttt
agacaagkteRaactgtggcc
gttgttgaaa'tggaacl tact
ggaacttaat\Vyaagtggtac
gttcccaggcYaggggtcgaa
(.tcgtt tctc'i gucet t.tgtc
ccagtgagggYnagggggca

480
	

Kuelui et al.

Table 2. Estimates of (co)variance components (±SE) from a 4-trait niultivariate
model for age at puberty, leptin at puberty, backfat at puberty, and BW at puberty 1.2

Trait	 AP

AP
	

0.46 + 0.078
Lcp	 -0.51 + 0.057
BFP
	

0.03 + 0.080
I3WP
	

0.55 ± 0.056

1.,- 	 mid

Lcp	 RI.'P

	

-0.63 ± ((.097	 0.39 ± 0.126

	

0.38 ± 0.078	 0.12 ± 0.147

	

0.21 + 0.073	 0.45 + 0.069

	

0.01 + 0.080	 0.34 + 0.068

MVP

	

0.65 ± ((((83	 642.7

	

-0.22 ± 0.145	 1.426

	

0.53 ± 0.099	 15.47

	

0.48 ± 0.072	 317.6

tmljeritability (112) estimates are on the diagonals: genetic correlations (r.) are above time diagonal: and resid-

ual correlations (re) are below time diagonal: a = phenotypic variance.
2AP = age at pubert y (d): Lop = leptin at (mbertv [log(ng/niL)]: BFP = backfat at puberty (nim): MVP

= BW at puberty (kg).

the Duroc-sired F 1 , Landrace-sired F 1 , and 4-way cross
gilts, respectively.

All traits were highl y heritable with genetic correla-
tions similar in magnitude to the respective phenotypic
correlations with age at puberty (Table 2). Both !eptiu
and BWP had slightly greater genetic correlations with
age at puberty relative to their phenotypic correlations.
A moderate, positive correlation was observed between
I3WP and BFP. However, the genetic correlation be-
tween BFP and age at puberty was not significant.

Polyniorplusins were detected iii 12 boars from the
4-way cross in AKR1C2. AKR1c, LEP, LEPR, PAX5.
and POMC genes (Table 3). Linkage disequilibrium was
low for markers within AKR and LEPR (r 2 = 0.07 to
0.19) and greater for markers in POW (r2 = 0.71).
Except for SNP in AKR1C.. AKR1C. and LEPR, the
polymorpliisiiis genotypcd are assumed to he neutral
(no AA change). One SNP in AKR1C2 changed an iso-
leucine to phenylalanine; an SNP in AKR.lCC4 was lo-
cated near the splice site in int.ron 8; and 2 SNP in exon
4 of LEPR would result in nonsyrionivmous amino acid
changes (Supplemental Table), The frequencies of the
SNP genotyped are shown in Table 3. Whereas other
SNP were identified in these sequences, these SNP were
chosen for genotyping because of minor allele frequency
or ability to design mass extension assays.

In the final model (Table 4). only the polvniorphisrn
in PAX5 had a significant association (P = 0.036) with
age at puberty with an additive effect of approximately
3.24 d. This same polymorphism was also associated

AKR1C.2	 10:127	 49422_.42	 T = 0.07	 T < 0.01
.4KRIG.,(	 10:127	 49431._198	 C = 0.21	 C = 0.04
LEP	 18:23	 27654595	 A = 0.06	 A = 0.17
LEPR	 6:122	 49040..157	 C = 0.12	 C = 0.16
LEP]?	 6:122	 49040L168	 A = 0.05	 A = 0.13
PA X5	 1:97	 50422_249	 T = 0.42	 T = 0.44
l'OMC	 3:89	 5039739	 C - 0.41	 T = 0.47
P0MG	 3:89	 50401_.1l1	 C = 0.45	 I' = 0.41

'T.JSMARC: US Meat Animal Research Center, Clay Center. NE.
2 B = Yorkshire x maternal Landrace Composite.

with a significant decrease (in the same direction as
age at puberty ) in BFP and a slight trend in decreased
BWP. Both of these associations are likel y the result of
the animals being younger at puberty.

A polyniorphism in LEPR was significantly (P =
0.009) associated with blood lept.in concentrations. This
polymorphism results in an AA change from isoleucine
to leucine. however, the isoleucine coding allele was
infrequent (Table 3). No significant associations affect-
ing !eptin concentration were identified in the POMC
or LEP genes.

DISCUSSION

Traditionally, reducing age at puberty in farrow-
ing gilts has been a. selection goal to realize increased
genetic progress by reducing generation interval and
to reduce the time and expense of feeding sows before
producing a litter (hlixoni et al., 1987). Usin g economic
models. Schukken et al. (1994) considered 200 to 220 d
of age to be the optimal age for first conception. Other
research has shown other desirable gains from selec-
tion on age at puberty. In lines divergently selected
(1 generation) for age at puberty. early pubert y sows
farrowed more litters per sow and had more pigs horn
in each litter (Nelson et al.. 1990). In addition, age at
puberty is moderatel y genetically correlated (r = 0.45)
with weaning to estrus interval (Sterning et al.. 1998).
Unfortunately, measurement of age at puberty is labor-
intensive and impractical for large-scale facilities. Tools

111.2 m lick

Table 3. SNP genotyped in resource population

Map	 1.8 i I ARC	 Minor allele Du roc allele Landrmmec
Gene symbol position	 assay 1D	 (req.	 freq.	 allele fmeq
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Table 4.
(additive
1110(1 el

Gelle

PAX.

LET'l?

.4 A- H I C,4

Markers with P-values of less than 0.10 for pubert y traits using a 2 (If F-test
and dominance effects) when fitted simtill.ruieouslv iii a backward selected

Genotvpie iiieat
(.o1iipolelit

Assay	 Trait	 l'-viiliii
	

I'	 ((.1!)	 I let

50422_2 . 19	 AP	 0.036
	

1.22	 -6.17
BIT	 0.029	 --((.86	 1.21
1I\V1	 0.089
	

-3.73	 -4.22
19040. 168	 Lop	 ((.009

	
0.00	 -0.31

49431198198	 1.e)	 0.32	 0.43

i\J) = age at puberty )d): Lep = Ieptiii at pubert y !ug(ng/mL)]: RFP = baekfat at pubert y (miii): 1)\VP
= lt\V at pubert y (kg).

Compouent 5 Ci mtribut big to significance: b 1 - additive. ( = duruiiance.
•i(\ linor allele la)Inuzvgc)t.e = ia = 0: Het = bet i'n)zvgot ic phase average
'Dominanceregressioli not fitted due to conlouiidi ig: additive effect )b is die di (crc lice lick ccli 11)v major

liouiozvgutc mean alid (he lletero7.vgote 111cmi.

to predict breeding values for age at puberty through
genoillics or alternative phenotypes \VOlIld be of great
benefit to the producer.

In this study, age at pubert y was est,iiiiated to be
slightly more herit.ai)le (0.16) compared vit Ii niost lit-
erature estimates (range 0.25 to 0.55: Lunibersoii et. al.,
1991: Johnson et al., 1994: Steruing et al.. 1998: Gas-
sady et, al.. 2002). Leptiu at puberty was moderately
heritable at 0.38. Literature estimates of leptin concen-
tration were scarce and generall y at fixed time points.
Cameron ci oh. (2003) estimated heritabilit y of leptin
in Large White pigs between 0.05 and 0.46 (luring dif-
ferent phases (30 to 90 kg) of a feed test. Generally,
greater heritability estimates were observed at the end
of the feed test.

The increased genetic correlation (0.65) observed be-
tween B\VP and age at puberty was not surprising given
the range in age at pubert y observed iii this stud. The
high negative genetic correlation (-0.63) between age
and leptin concentrations at puberty was not expected.
Like B\VP. this correlation may have been due to a
phenot ,vpic decrease in leptin concentrations as animals
aged. or these animals may have had decreased .....)llcen-
trat.iouis of lept in before reaching puberty. From this
genetic correlation. it would appear that leptin ma y be
a useful indicator trait for predicting age at pubert y iii
genetic evaluation programs. However, fora separate
study (Khindt ci oh.. 2006), blood samples were taken
from a portion of this population (2001 gilts: 1)iiroc x
BT. Landrace x BI) at fixed prepubertal ages (128.
149. and 180 (1): lept.in concentrations obtained oil 280
of these guts were not phenotypically correlated with
age at puberty ( i < 0.05: unpublished data).

The relationship between age. MV, bod y Cofllposi-
tion, and attainment of puberty in swine is comitrover-
sial. It has been postulated that a certain level of body
conditioii is necessar y for puberty attainment in gills
(Gaughan ci. al., 1997). whereas dietary treat.inent.s (to
not seem to affect pubertal age (Patterson et al.. 2002).
However. guts with greater growth rate and hackfat
have shorter Wealuhig to estrus intervals (Tununaruk et

al., 2001) and age at puberty is positively genetically
correlated with weaning to estrims interval and signs
of estrus (St.erniiig et al.. 1998). In reviewing growth
and puberty reports. Rauw et al. (1998) noted that
guts with a greater lean percentage had a delayed oii-
set of puberty, and negative genetic correlations have
been reported between --roxvili mate and estrus signs at.
puberty (Rv(llimer et. al.. 1994). Le i.tin has long been
recognized as a putative signal that links metabolic
status witli the neuroendocrine control of reproduction
and puberty in pigs, anti attainment of puberty mnay
be related to a metabolic state at a critical period of
development rather than a level of bod y composition
(Rozebooni et oh., 1995).

Because of the association between lept.ni concentra-
tions and the attainment of pubert ly in the gilts in the
current stud y, genes 011(1 gemlomic regions associated
with age of pubert y and leptin concentrations were tar-
getecl to test, for associations with these traits. Onl y 2
reports have identified age at pubert y QTL in the pig
(Rohirer et al., 1999: Cassadv ci oh., 2001) oil chromo-
some,, 1. 7, 8. 10. 011(1 12. and SNP in one of these re-
gions oil 10 are possibl y associated(Non-
nema.mi et. al., 2006) with age at. puberty. The QTL for
leptin concentrations ill humans have been identified
in the POMC gene. and SNP and POMC liaplotypes
are associated with circulating lept.in. bod y mass index.
13W. and body fat. (Ilixson et oh.. 1999: Chen et. al..
2005). Liefers ct at. (2001) identified a polviiiorphnsni in
L EPR associated with leptin concentration in pregnant
heifers. Our results indicated a. significant association
of marker 49010168 in LEPR with hept.in concentra-
tiona.t puberty. The same allele identified with lept.in
in this stt.mdv (LEPT?: 49040. 168) has been associated
with backfat iii finishing gilts (Mackovski et al.. 2005).
The mnarker associated with age at pubert y in this study
was in R4X, (50122 .249). This polyrnorpinsmii is in all
intron, and P.4X5 is not considered a candidate gene
for age at pul.)ert y. However, it. is located under a QTL
for age at puberty identified b y Rohrer et al. (1999).
The additive effect detected in this stud y was less t hiami
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that reported by Rohrer et al. (1999) for the QTL (9.25
d). The QTL discovery population in Rohrer et al.
(1999) was developed from Meishan and White Com-
posite founders. Because Meishans typically have very
early puberties, the additive effect, estimated for the
QTL may have been greater. It is reasonable that, the
additive effect in this stud y would he smaller. This was
the only marker ill this QTL region genotyped in this
Population; this region warrants further fine-m	 mappg
to detect SNP with stronger associations. Note that
neither of these associated SNP was corrected for the
multiple testing that occurred in this project. There-
fore, their effect in a separate population should be
validated before they are used in breeding programs.

Ill 	 guts that had delayed puberty were
heavier and were as fat as guts that had all
pubertal age. Circulating leptin concentrations were
less in animals exhibiting delayed puberty. Because the
heritability of age at puberty is relatively high, produc-
ers should exercise caution when selecting replacements
from gilts expressing late puberty. This study indicates
that using leptin or other physiological measures for
selecting animals for decreased age at puberty is not
as effective as direct measurement. However, predictive
genetic markers may he more effective due to the high
labor cost of measuring age at puberty.
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